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Computation and Adjustment of
Elevations from Zenith Distance Observations

Zenith distances are abstracted on form 29 and checked in the field.
The abstracts, therefore, contain the starting data for office computation.
It is sometimes necessary to compute in the office the values on form 29 for
the column headed ‘‘Reduction to line joining stations’’. This column is used
only when the observations are reciprocal. Each value in the column is an
angle which in seconds equals - -st—s;—n% , t being the height of the telescope
above the station mark, 0 the height of the object observed upon above its sta-

tion mark, and s the geodetic distance between the stations concerned. The

computation of the value for - ?t_s';TOF can be simplified by first dividing
: : : | : 206265 :
the reciprocal of sin 1" by s (in meters), which reduces to - s . This

value should.be written on computation form 29C just under station 2. In

order to obtain the correction to the observed zenith distance, the value of

20626
—5—5 is multiplied by -(t-0). The correction has the opposite algebraic
sign to t-o0.

The value for s, which is the distance bétween station 1 and s-tatiqn 2
in.meters, should be written on form 29C. ¢ 1"1s the zenith distance of sta-
tion 2 as observed from station 1, and ¢ g is the zenith distance of station 1
as observed from station 2. After ¢ 1 and ¢ o are written on form 29C, ¢ 9 -

{ 1is dbtainedand then1/2 ( ¢ o - ¢ 1). The algebraic sign should be

A-3437-2(31) +



carried with this value as this determines the sign of the difference in eleva-
tion between station 1 and station 2. The natural tangentof 1/2 ( ¢ - ¢ 4)
is multiplied by s on the calculating machine and the result placed in the key-
board. This is the approximate value of hg - hy. Factor A is a multiplier,
the value for which is determined by the elevation of station 1 (hq). Factor B
is a multiplier whose value is determined by the difference in elevation of
stations 1 and 2. C is a multiplier determined by s. The values of A, B, and
C are found in attached tables. The approximate value of hé - h, is then
multiplied by the factors A, B and C. In order to simplify this operation,

hg - hy may be multiplied by A + B + C - 2 when hy - h, is positive or

A - B + C when hg - hy is negative. (This approximation is satisfactory in
all cases.) The resulting value is the difference-in elevation between sta-
tion 1 and station 2 or (hg - hy).

A table for finding the correction to hy - h; directly will be found
included in this manual with the A, B and C tables. This table can be used
with differences of hg - hq up to 1500 meters and distances up to about
35,000 meters.

The value of hy is the algebraic sum of hy and (h, - h,).

The weight of a computed difference in elevation is proportional
to é_%_ . In order to get a value convenient to use, s should first be divided
by a multiple of ten. The same divisor must be used in determining the

weight for all differences in elevation used in any one adjustment of eleva-



. 1
tions. A convenient value for ) for distances of 50,000 meters or less
s

will be obtained by dividing s (in meters) by 10,000 before finding the
reciprocal. The result should then be multiplied by 10 and carried to two
decimal places. The same result can be obtained by log p =9 - 2 log s.
In the determination of (0.5-m), « and mean ¢ are the azimuth
from station 1 to station 2 and the mean latitude of the stations, respectively.-

The value of » sin1" will be found in attached tables, and * sinl ig
2

1/2 this value.

The azimuths used in the tables for » sin 1" are from 0° to 90°,
For azimuths between 90° to 180°, subtract from 180°; between 180° and
270°, subtract 180° from azimuth; and between 270° and 360°, subtract
azimuth from. 360°. The refraction value (0.5-m) is the product of {4+

p sin 1 divided by s (in meters). The

{ 5 - 180° in seconds times
weight (p) of (0.5-m) is proportional to s? and a convenient value may be
obtained by dividing s by 10,000 and squaring the result. This weight
should be carried to two decimal places.

When two or more determinations of the elevation of a station are
made, a weighted mean elevation of the station should be computed and used
in subsequent computations of elevations of other stations from that station.
The weighted mean elevation of a station is found by taking the sums of the
products of the elevations by their respective weights and dividing by the

sum of the weights. For example, if the elevations of a station are deter-



mined to be 987.62 meters, 985.23 meters and 988.16 meters and the respec-
tive weights of elevation computations are 3.18, C.57, and 5.73 the weighted
mean elevation of the station would be

987.62 x 3.16 + 985.23 x 0.57 + 988.16 x 5.73
3.16 + 0.57 + 5.73

or
987.80 meters.

Any individual elevation determination should not vary from the
weighted mean value by an amount much greater than 0.1 meter per mile of
the length of the observed line, for class 2 vertical angle elevations.

An example of a nonreciprocal computation is included with the verti-
cal angle elevation determinations.

] 1 is the observed zenith distance of station 2 as observed from
station 1. « and mean ¢ are the..a'zir'nuth of station 1 to station 2 and mean
latitude of the stations respectively. (0.5-m) is the weighted mean refrac-
tion for station 1 obtained from the reciprocal observation forms for station
1. s is the geodetic distance of station 1 to station 2. s sin 1" is obtained

from attached tables using « and mean ¢ as argument. k in seconds is
(0.5-m)s |
and similar to the reciprocal computation except the term (t-0) which is ob-

The computation of the remainder of the form is self explanatory

tained from form 29 (field abstract).

When nonreciprocal observations are used in an adjustment with



reciprocal observations the weight of the nonreciprocal observations should
be divided by 3.

After all differences of elevations have been computed, both from
the reciprocal and nonreciprocal observations, and their weights determined,
the next step is the adjustment of these differences of elevation by the method
of least squares. An example of such an adjustment from the formation of
the equations to the determination of the final elevatic:ns is given in detail on
the following pages for the differences of elevation represented by the figure
given.

The adjustment of vertical observations is made by means of observa-
tion equations. Elevations approximating the final values are first assumed
for the different stations. To these assumed values are added x’s to be
determined by the adjustment. These observation equations are formed by
comparing the differences of the assumed elevations with the differences
determined by computation.

In the first table shown with the adjustment sketch are given the sta-
tions already*fixed in elevation and their elevations. In the second table are
given the names of the stations whose elevations are to be fixed by the adjust-
ment ‘and in-the second column of this table their assumed elevations and
correction symbols. The last two columns of this table are filled in after
the adjustment is completed.

If any of the stations of the scheme have been determined in eleva-



tion directly frorﬁ first order leveling their elevations should be held fixed
in the adjustment. A éareful'check should be made before an adjustment is
started to ascertain whether any of the stations have been fixed by leveling.

On the formation of equation sheet, columns 2 and 3 contain the
names of the stations between which observations were made. Column 4
contains the symbols; station 1 symbols are minus and station 2 are plus.
Fixed stations have no symbol. Column 5 is obtained from the table of fixed
and assumed elevations. Columns 8 and 8 are found on the elevation .compu-
tation forms. Column 7 is column 5 minus column 6 and columns 9 and 10
are filled in after adjustment.

The table for formation of normal equations corresponds to correlates
(for convenience is referred to hereafter as correlates) and is set up from
the preceding table. (Columns 2 and 3 correspond to 7 and 8). Columns 4 to
8 are from the symbol column in preceding table, pN is the product of p and
N and = is the horizontal sum across a line of N and any term under the
X columns. p = is simply the product of p and = .

The normals are formed in the following manner from the formation
of normals table. The value +82.61 in the first column is obtained.by squar-
ing each coefficient in the first x column, multiplying by its weight and
taking the sum, in this case (6.32+7.17+50.66+6.73+3.65+8.08)=+82.61.

The values +29.90, +79.01, +88.41, and +59.52 are obtained in the same

manner and are called diagonal terms.



The remainder of the values in columns 2 to 5 of the normal equa-
tions are product terms, resulting from multiplying each correlate equation
by each of the other correlate equations and by the corresponding weights.
For example, equation (x7) times (xg) times the weight of the coefficients
equals (-1)x(+1)x(3.65)= -3.65.

The » term is the sum of the products of each term in an equation
~ times pN and = for each equation is the sum of the products of each term
in the equation times p = .

The solution of the normals is the same as in condition equations.
The x’s thus obtained (which are equivalent to the C’s in condition equation
solutions) are the corrections to be applied to the various assumed eleva-
tions.

A check on the solution may be obtained by taking the sum of the
products, of the upper times lower terms, in the solution, of the » column.
The sum of these products ( »'x 7 ) should equal the sum of the products of
each 7 in the normals times its x.

A further check may be applied which is

(pNZ) = (pvz) + (1x7) (in forward solution)

After the assumed elevations have been corrected, the v’s for each
observation should be computed to four decimal places and listed on the
sheet with the formation of equations. Each v may be easily obtained in the

following manner. Place the elevation of station 1 in the machine as a nega-



tive number, and elevation of station 2 as a positive number, and subtract
observed difference of elevation algebraically. The remainder is the v for
that observation.

Each pv should be computed for each observation and listed
(product of v and p). The sum of all the pv’s at each station should be
approximately zero. If the sum of pv’s around the point at any station differs
from zero by more than 50 ir_1 the fourth decimal place, the supervisor
should be consulted to see if the check is adequate.

If the probable error of the observations. is needed, the sum of the
(pv2s) may be obtained by accumulating the individual products, v(pv) in
the machine,

Class 1 elevations (determined by spirit leveling) should be listed
to hundredths of meters and tenths of feet.

Class 2 elevations (determined by reciprocal vertical angles) should
be liste-d to tenths of a meter and nearest foot.

Class 3 elevations (determineci by non-reciprocal vertical angles)
should be listed to nearest meter and nearest foot.

Elevations should be listed on the geographic position sheets in .
columr headed ‘‘seconds in meters’’ when that column has not been used,
otherwise they should be listed after the name and date of triangulation

station.



DEPARTMENT OF COMMERCE
U 5. COASY AND GEODITIC SURVEY

mgo:n:wmnon OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.
(By calculating machine)

swionl, e |Lewes Whirian \Alcan |lewes |Alcan Fack;/
Station 2, obe. -Pac /</\/ FOC k/‘/ FOCk/t/ 6’355}/ ér&.fﬂi{ érasslq
f 49 03 004| 91 59 513\ 96 10 555|198 48243198 /% %.5| 99 9% %0.0|
f 9/ 02339|99 05 339|192 50 Wh\9 20 15291 48 459|90 58 544
e ) 59983\-3 5412447 H 891+2 31 509Y3 30 A4l 52 1Y
Va0 ko 57 M2l-/ ST06247 495V 15 SE5Y) 45 ATp0 5 012
wd -0 |9.017 407 |0.034077 |0.066904 |0.022049|0.020690 0.0/, 326
' 125750 | 1/3132 | 44427 | 199137 | /42738 | 12/9/9
4 1.
. B
(4
M= +2/9.97 |-402.64 4¥29727 |+41785 |[+496.68 +/99.0%
» 866.45 | 148792 | 79900 | 966.45 | 79800 | 0353,
M 1/085.32 | 108513 | 1085 37 | 1284 20 | 128478 | 123442
Gt | 432 | 77 | 5046 | 240 290 | 673
e 2T i T i Vh L e oA R i
Fikbs—180° 5'4s| 522 [ 49 8H5| T 24| 5 34H
smenme | 3395 | 3302 | 499 | 5195 | 4924.| 7944
 uef 15.499 | 15495 | 15494 | /15498 | 15445 | 15442
. 126750 118132 | 44427| /%9737 | /62298 |12/919
(05-m) 0.4/84 | 0.433) | 0.2438 | 0.4257 | 0.4126 | 0.424¢ |
pol O5-m)s /&9 /-40 4.20 3.59 2473 /.49

hy—h =ztan} (-5 AB C

0.6—m) == "h+$,—180° in sec. p

sin 17
2

12984 50u.m. ———7

# Bince (0.5—~m) varits as #%, the welght p--..ﬁ. where N is constant for a set and is preferably a power of 10.
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DEPARTMENT QF COMMERCE
U. S COASY AND GEODETIC SURVEY
Form 20 C

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.

15

(By calculating machine)
Station 1, 00c. |G 55 }6(/(#/' Edjt’/ érdjsy }ﬁaféﬁq
Station 2, obe, Eas«/ Easqf [dke \ldke |lake
b 97 50 5139/ 0/ 479\ 98 79 4729) 12 24590 2/ 782
fa 97 13 012|949 05 25419) 23 5/.0/98 22 ¥54|89 43 279
iy -5 37 50)|-) 562242 44038-2 1999/ |-0 38 004
- -7 4355016 54 1.2)¢) 22 0/9F/ 09 ¥ab}ka /9 002
w68 | g 049/74 |0.0/6927 [0.923964 0.0203/5 | 0.405 528
; 9774.7 | 16548 | 97277 |12910.6 | 11279
A
c
by -479.30|-290/3 |42/7.87 |-262.33 | -41.57
h 1284, 50| 108594 | 405.95 | 178450 | /045 34
b 406.20| 8052/ |/023.92 | /022,77 |/023.92
writ-h) | J0.57 | 245 | jz.00 ¢.00 | 4.04
cdmens ((9° 6)°|47° G)0\7*  G17|25° €1°|95° 6
T 3 s25| 7'132| 3 HWZ| 5 099| 4 540
sn-menne | 72325 4332 | 2/92 | 7099 | 294.0
15498 | 15994 | 15481 | 1548/ | 1550/
' 97247 1 /654468 | 91277 |179/0¢ | 1)1279
(05-m) 0.3705 | 04057 | 0370/ | 0.31/6 | 04123
pof (0.5-m) e 9.95 274 4.93 /67 /24
0595w, \ 4 vt asel Y

0.5-m) = i+,

—180° in sec. p

sin 1

3

# Binoe (0.5—~m) varies as o, the weight p-%. where N ls constant for a set and is preferably a power of 10.




DEPARTMENT OF COMMERCE
U 5. COASY AND GEODETIC SURVEY

“?O;;WAHON OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAL OBSERVATIONS.
(By calculating machine)
Station 1, oc. Eas«r/ Lake £asy Lake |Fakhn £8
Station 2, obe. (o), ; EB Gkhini EB [Takhini WB (34N ini WBIT 3kbini W8
a 9) 22 25394 18 20590 52 70|92 /0 97|99 52 126
i 98 29 20.6195 43 540|499 1/ 1/.0 |87 53¢49(90 /¢ 076
= -2 42547\-8 4 2451-1 41280\-4 J75%8)40 23559
bt [ 2/ 2144 17 13.2]-0 Bo 44012 03 51440 1) 515
w6t | 0023699 | 0.074962|0.0/4758 0.097529| 0.00347
: 5764.3 | 4732 | 795/) | 99204 | 4771.3
A
B
C
| K
ha=hy -1326.6] |-25478 |-117.35 |-725/9 | /645
h 40595 |102744 | 90595 | /023 44 | 6639/
h 1669.28 | é43.6L | d3%.40 | é83.75 | 6852,
Serotoe-ny | 2008 | 4444 | 1542 /2.54 | 4474
esdmane | 2° 47°|57° 41°|78° 417 \H° 41"
hH—180° 1559 2' 145 3500\ u’a4¥
stn-weinme | /69 | J245 | 7200 | 244
p tt (18496 | 15494 | 15486 | /5.500
' 574.3 | 4732.) | 79511 | $970.4
(©.5—m) 0.9/1] | 04404 | 04480 | 04245
p ol (05—m) ¢ 4.23 022 0.63 0.90
6689 Wy i vrany sy g uwm.

(0-5—m) - f|+3'z_180° in sec. P

sin 17
2

8

® Binoe (B 5—m) varies as o3, the weight p-'—;. where N is constant for a set and is preferably a power of 10.
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DEPARTMENT OF COMMERCE
U. 8. COAST AND GEODETIC SURVEY
Form 20 C

COMPUTATION OF ELEVATIONS AND REFRACTIONS FROM RECIPROCAT. OBSERVATIONS.

(By cslculating machine)
swintooe  |F35y  Yakhin EB\Tkhin WB| LIk
swionz,0i. | Jbex - | Thex | Thex | [hex
’ 9% 55 524|197 53 1.2\ 96 08 244|379 57174
. q) 09 230\92 /0 411|953 53175190 % 350
et L2 13 20404 1705917 4450910 07 244
i6mt) W) 0452 08 9043 57 255140 03 422
Wit 10.0/942)(0.037 41/ 10.067713)|0.00/073
. 120443 | 99034 | 5/778 | 139625
A
B
(4
himhy 42339 |#270.55 (4350 45 |+ /505
h 90595 | 66%9) | (38.45 | /02344
h 1039.49 | /03946 | 10390 | /033,49
etk | (499 | J0.20 | 3720 5 )3
csdmans |57°  4/°|95° 6/°|9¢° €17 |93° 6/°
tiH,—180° 5 5yl w4 283 14ty 554
nh-seinse | 3154 | 208.2| o4/ | 25,6
p i /5494 | 15.50) | 1550/ | 1550/
. | 120443\ 99024 | 51779 |12942.5
(0.5-m) 0.4057 | 04199 | 0.3116 | 6.3993
pof (0.6—m) s’ /45 0.94 0.27 195
[029.20 w.m,

& Binoe (05-m) varies as s3, the welght p-l—':" where N Is constaut for a set and is preferably a power of 10,

hy—h, =stan 3 (,—8) A B C

(0.56—m) = $1+$3—180° in seec. »

sin 17
2

8




DEPARTMENT OF COMMERCE
0. 8. COASY AND GEODETIC SURVEY

13

Form 29D
COMPUTATION OF ELEVATIONS FROM NONRECIPROCAL OBSERVATIONS.
(By calculating machine)

Station 1, occ. Ta;fz’: s dna W. ﬂ : poo'a
Station 2, obs. Fegk £ /eak E Fédk E
Object sighted ground | grovad | grovnd
f 3% 15 5/ | 99 F0 43|99 52 2
« and mean ¢ yz° li Ys° é}" ]15° ‘3‘
(0.5—m) 04757 | o.4o77 | 0.4107
’ 196/9.€ |2214/).3 | 159574
o sin1” 309%6 | 3099% | 70965
& in secs. 247 g Zq/ 3 2//. é
0= +) +1 43 39+ 34 01+ 1 1106
tan (90°—f;-+2) 0.0%14/1 | 0.027389 | 0.0204635
4

B

c

- 4620.24 | +606.5/ |+330.0¢
b 470775 | 41550 | 74119
t—o 1" /4'3 +qﬂ ‘/’/d\;
Corrected elevation 1092 47 109/ 45| / 092.67
2 =pot th=h) 260 | 204 | 393
Weighted mean eleralion of sla, obs. k_/ / 092 3

kinsecs, = (5™ ¢

m—h = stan (80°~5+E) 4 B C

P gin 17
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Ekhlﬂl . p ak

Alca

[ F/xeo’ Llevations 7
Fixed Elevations

Station £ /g’vg /i’%"

Alcan 788.10

Marian 1487.92

Lewés €66.45

Takhini E.5 667.56

Takbini W.8, 437 4"/

Assvmed and Adjvsted Elevations

Station Assumes Eler. s
OCK 1085+ %X, 108515/4
rasj 12%4+2Z 2 12829652

3 EG’SL/ 806+ X3 G044/90

4 Lake 1023+ Xy /022 5075

5 ITbex /029+Xs /02%.08%0

4dcfibo' £&les
" mefers

10857
1284 0

g04.¢
1022.5
/703%./



15

. F or‘malfion 07( Ezuaf/'on,s
S 3 ¢ 5 6 7 g 9 10
i vsted
et 1 | statin 2| Symbol A3sumed of,;‘f )f"' mfngﬂ_ “";,9"’ A v

! lewes |Rocky | 42, |+28.55|+2/1491|-032 | 632 |-0.4696]-1965%
2|Marian |Rocky | +2, |-#0292 |-402.64 |-0.18 | 7./7 |-0.0236|-0.205]
I|Alcan _|Kocky | +2, 429490 4297.27|~0.9] | 50.8, |-0.2/8C|-110743
4|Llewes |Grass. +Z2 417.55 [#417.45 |-¢. 20 790 |-0.3348 |-0.9774
s|4lcan |Grassy| +2z 590 |26 (8 |-078 | 380 |-09/44|-309(z
U\ Racky |Grassy | %, +%z [#199.00 |4199.08 |-0.08 | 673 |-0.2662]-179:5
7ﬁ’i$i‘4 sy |22+%3 |-#18.00 |-979.90 |40.30 | /0. 5] |-1.04£2|-1.0533
8| Kocky asy -%,+Z31|-219 00 |-2%0.13 |+ 113 365 |-0.4024|-1.4(%9
glEasy’ |lake [Zs+xy4 l217.00 +4217.97 [-047 | /1200 1+0.0i185 [40.2220
plGrassy | Lake |-z+Xy|-261.00 |-262.33 |+1.33 | 600 [+0.9723)|45233%
/" oc/<u[' ldke |-X,+Xy4|-6Z 00 ~6/.52|-0.4% 908 |-//279 |-9.0%/]
/12 Easq’ Bhhin; EB |- 3 —/3744 _/3‘_67 ~1.77 3008 |-0.3390 |-11.70//
13 Laké lakhin; E£.8 | =X 4 35S Y4 .;754.73 ~0.66 44%4 _0_/‘75 —74906
Y Eqs“/ Takira: W5 |-X 3 ~/18.59 {-117.35 |- 1. ZSL /592 107470 |#2, 290d
15\Lake  Vamhiwg|-Xy 33559 39519 |-0.40 | 12.54 [#0.0925\+41600
l|Easy  |Tbex |X3+Xs 233,00 1123394 -0.94 | 689 |-0.47¢0 |-3279%
17| Bkbsigi E.8 | Thex +25 #3144 #310.55 |40.49 | /0.20 |-0.0270}-0.275¢
/s@;,;,.-ma Toex +X5 435159 Wt350.65 |4094 | 37.30 }#0.0230(40.9579
/9\Lake | Ibex [ XysAs|+/.00 |#15.05 |+0.95 | 5/3 05255126958
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Bble for formation of Normal Ezuaf 7075

/ 2 3 4 516 17 |8 g9 10 //
N p X | X2 |X3 [Xy |5 | PN | £ pL.

1 1-0.321 632 +] -2.0224|40.68 |+42974
21--0./% | 1.17 { +/ ~1.2900 |+0.92 |+ 59794
307 | 506G} 1 /97442 |10.63 17%/9159
41-030| 280 +/ ~0%400 |+40.70 | 419600
5{-0718 | 340 +/ -296 40\+0.22 | +0.4360
b 1-008 | 672| -/ +/ —0.5784}{-4.08 | -0. 5234
7 1t0.20 | 10.57 - |+ +3.17/0\40.20 \+3.17/0
#1131 345 ]-1 +/ o j2e5\ 4113 L4124 5
9 {—087 | /12.90 -1 {4/ -10.4400|-0.87 |-10.4%00
JO [ }1.33 | 6.00 -~/ +/ +1.98001+)73 |+7.9%00
Il|-04g | 808 | -/ +1 ~-7.97%4|-048 |- 29734
121-117 | 30.08 -/ -53.24/61-2.77 1-$3.32/6
13]-0.4b | 4466 ~/ - 2947641446 |-74135¢
14| -1.24 | 15.82 -/ _/2¢A8|-2.24 | 354263
15|-0.40 | 12 5¢ -/ ~50/60]| 140 |-17 5560
I6l-09¢ | 649 iy H 497l 1-094 | -€ 476
/171+0.89 | /10.20 +] | 49.0790|+1.99 |+19 2780
19}-+0.94 | 37.70 +/  |#75.0620| +1.94 | £72.34 20
/191+095 | 5.13 -] |t/ |+4.8735|+095 |+48735
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Normals
} 2 3 4 5 n Z
I +%2.6] -€73 -365 -404 ~21.7649 +42.795/
2 +2990 -1.5] -6.90 ~15.4934 — $.9934
3 +HMol -1200 -439 1970705 +m29705
Y +8841 513 4232197 +904797
5 +HA 2 +42.53(9 4900349

Solvtion
F0-1504  -0.0348  _;38/0  -04925 -94/70
+0.1545 -0.03417  —/.3%8100 -049249 -091098

/ 2 3 4y S 2 z
+92.6] -6.73% -3.65 ~ %03 217649 +42.285/
X, 4003147 +o0044/8 100978/ 4026347 - 0.5/%07
+2990  -10.57 _é.00 ~15.4934 -8.9934
1299517 10861 - {4593 ~17.266¢ ~54403"
Xz  +0.31025 14.72695 40. K927 +0.195387
+19.0) -/2.00 -6.%9 4970705 1429705

143250 -148222 689 187160 +123KY
Ly 4909909 1009208 -1.1990/ 190884
+88.4]  -513  +Z777 +80.4797

+67.173] —6.4948 435.0058 11114948’
Ay 49.07809 _0.424%8 ) 3¥2M

$5952 +42.5269 +90.03(9

+58.3184 +5952)6 41/1.9/00
Xs -091698 —-191698
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Factors for use in computing elevatlions by vertical angles.
(Machine method)
Elevatlon e —
of by A s tani(f, ~¢,) B 8 c
meters meters meters
0 1.000000 0 |1.000000 o) 1.C00000
100 16 100 8 75,000 12
200 1 200 16 130,000 35
ﬁgo 24 168,000 hé
0 31 198,000 81
500 9 225,000 104
600 7 250,000 127
700 55 270,000 150
800 63 290,000 173
900 71
1000 1.0000/9
1100 . 6
1200 ol
1300 102
1400 11C
1500 118
1600 126
1700 133
1300 }41
1900 ‘
2000 1.0001*2_'
2100 165
2200 173
2330 181
2400 188
2500 196
2600 204
2700 212
2800 220
000 .000 ‘
%100 243
3200 251
3300 2h9
3400 267
3500 275
3600 283
3700 290
3800 298

=
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hp-hy in neters.

ho-h) in meters

+1500

K

§ i

téted 4444

)

95888 . §¥uEY ]I
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Tables for Refraction Computations
.- f9 sin 1

Latitude
JAmith 50 330 3he 350 360 37e 3 39 koo

(degrees
0 30.801 30.806 30.811 30,816 30.821 30.826 30. 831 30.837 30,842

201 ~ .806 ~ .81 ~ .87 ~ .822 ~ .82 ao R
10 .%05 .80 .85 .20 .825  .830 .830 .8 845
15 .81 .86 .80 .825 .8 845 .850

0 .835
20 0818 .823 0828 [ ] ﬁ .8% 32 .su7 .852 .s
25 .828 a .836 .8 sso .852 .860 o8
30 3 <847 851 «855 .86
Zg .850 .85 858 .862 .866 s7o LA&7h 878 .882
.862 867 870 L&Th 877 ag1 .885 .889 )
45 .876 879 .882 . 886 .889 .89 .897 .900 .90
50 .889 .892 .895 .898 «902 +90 .908 911 S1h
55 .902 <S04 .907 .910 .91 «916 919 921 .922
60 91k 916 .919 921 .92 .926 .929 .932 9
65 924 +926 +930 931 .932 .936 «939 )51 .9
- A < S ¢ T - S e o T S £
80 SU7 99 951 .952 954 956 958 .960 .961
85 <951 952 .95k .956 957 .959 .961 .963 .064
90 951 954 «955 .956 .959 +960 .962 .963 .966

Azlmuth o ° ° ° ° ° °
(Bsgress) ¥1° 42 43 Y 45 46 47 48 4go
0 30.348 30.853 30.858 30.864 30,870 30.875 30.840 30.886 130.891
5 T 848 5?& 860 870 875
10 +851 .357 .862 <867 872 878 .883 .889 894
15 855 ,861 .866 871 &77 .882 . 887 .892 +897
20 .862 .86 872 877 .882 887 .892 .897 «902
- 85 .869 <87 878 .883 888 .893 .898 +902 <90
30 877 .882 .887 891 <896 «900 «905 «909 91
zg .887 .891 .895 .899 904 .908 .912 .916 .921
.897 .901 .90 .909 «913 .916 .921 925  ,929
45 «907 « 911 .91 +918 o922 926 929 «933 «936
’0 .918 .921 .92 .928 931 .93; .938 JOul .9

55 «928 <931 i <936 o9 .9 <9 949 952
60 937 9 93 .933 9U8 951 95k «956 ¢959
65 9 949 .952 <95 956 .958 «961 .963 967

70 .95% 956  .958  ,960  .962  .964  .966  .960  .971
75 959 961  .963 .966 .968  .969 971  .973  .976
80 963 .966 .968  .969 .97l 973 975 977  .979
85 «966 «968 970 972 <973 976 978 979 . 981
90 967 «969 971 973 975 976 978 .980 °982



Azimuth 00 10
(aegrees) 7 5
0 30.897 30.902
5 897 ~ .90
10 899 .90
15 .902  .908&
20 «907. 911
25 912 .917
. 30 919  .923
2(5) .925 929
: .938 «936
45 .9 .9
2 2 B
63 .922 <965
65 968 971
70 973 976
75 978 «980
.
9(5> .983 986

Azimuth 5go 60°

(dog‘oel) .

Ol 30,948
5 OBk T . 9u0
10 .9“; «950
15 ¥ <951
20 950 954
25 <955 958
30 957 961
zg 961 .966
15 30'3?2 '3;3

. 30,
50 976 979
55 981 983
w .985 0988
65 989 <991
<t I
80 998 «999
85 999 31,001
90 30.999 31.001

Tables for Refraction Computations

F ein 1V

Latitude

520 530 5lo
30.907 30.913 30.918
.908 291 .919
.910 915 .920
913 918 923
916 .921 .926
921 926 931
.921 932 .936

.9 .93 9
U7 '351 o
947 . .95
.951 958 961
961 963 967
967,  .970 973
973 976 .978
.978 .9 .982
«982 .984 986
. 985 .987 .986
+986 .9 .991
987 .989 991

6le 620 630
30.953 30.958 30.962
«95 .958 .962
.95!& .959 96k
<956 961 <965
«959 963 967
962 9 970
<965 969 973
°9$ .973 .976
0973 097 .950
30.978 30.981 30.984
.982 . .988
98 988  ,991
«990 <992 <995
99 996 30,998
9 .998 31.001

30.999 31.001 .00

31.001 +003 <00
002 .00 . 005
31.003 31.004 31.006

55° Héo 57¢ 5do

30,923 30.929 30.93h 30.939
.9ai 2929 934 20
925 930 ..935 .9
.928 933 i w9l2
93 .93 .ol  .945
09 6 09 .9"-’4' ‘91]'9
.S U5, 949  .95%
0946 0950 -95”’ 0958
952 .956 959  .963
958 961 965 968
.970 973 .976 .978
O75 978 981 .98
.980 983 985 .98
.98l 986 .od8  .991
988 <990 992 «993
.991 992 K-T-1 «996
.992 .99 996 <997
0993 099 0996 '998
6o 650 66°

30.966 30.971 .9

+966 971 30.9;2

'968 0972 0976

969 97k XY ¢

'971 0975 0979

°97l|' 0978 .981

.976 0980 .9“

.980 0931.' 0986

.98u .986 .9”

30.986 30.990 30.992

<990 993 996

+993 996 30,998

30.997 30.999 31.001

31.000 31.002 .003

.00k .006.  .008

006 .007 .008

-006 .008 .009

31.007 31.008 31,010
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NATURAL TANGENTS

A per -4 per 4 per .A'per
0° .86c, 19 _ seo. _ 29 sec, 30 _sesc, jo sec
.000 000 4.8 017 U55 L. 8 .03 921 4.8 .052 408 4.8 .0 4,
000 201 h.sg .01; 732 u.sg o%s 312 u.sg ogz 699 u.s; 09% 2§3 y,
000 582 4.85 | 018 037 u4.85 | 035 503 k.87 | o052 991 4.87 | o070 Ml 4,
000 sgz 4,85 018 328 L.85 032 795 L4.85 053 283 4.87 o070 &ok &4,
00l 1 4, a3 018 619 4.85 03b 08 u.s5 053 575 4.85 071 096 &,
001 454 4.8 018 910 L. 8 036 377 L.8 053 866 4.8 o7l L,
001 7 2 u.s? 019 301 u.s? ogs ZZS u.s? og 158 u.s; 0;1 82 '
002 036 L.85 019 492 4,85 | 036 960 U.85 | o4 450 L. &7 o7 9%2 L,
002 227 4 &5 019 783 4.85 037 251 4,85 o5k 72 4,85 072 2 4,
002 618 4,85 020 o74 4,85 037 542 4,487 055 033 4,87 072 558 U4,
002 909 4.8 020 365 4.8 037 834 4.8 0 25 4.8 072 851 4,
003 gog u.sg - 020 2 u.sg o%g 12 u.sg . ogg 21? u.s; 0;3 143 &,
003 491 L.85 020 947 L4.85 | 038 Wb 4.85 055 909 4.85 073 uzg 4,
ooz 782 4,83 021 238 4,85 038 707 U.87 056 200 L.87 073 728 4,
ook 072 4.85 | 021 529 L4.85 038 999 U4.85 | 086. k92 4,47 o7% 020 - U4,
ook 363 4.8 021 820 L.8 0% 290 4.8 056 784 4.8 o7% N3 A4,
ool 2 R u.s? 022 111 u.s? 039 581 u.s? 027 076 h.s; - 074 605 U,
ool&-gg L.85 | o022 bo2 L.45 3}3 sgz L.85 | o057 28 b.87 | o74 %08 A4,
005 236 4,85 022 62& 4,85 164 4,87 057 660 4,a7 o075 190 &,
005 527 4.85 | o022 9% 4.85 | olo 456 L.85 | 057 952 485 | o715 483 4,
005 818 4.8 02 4.8 olio 747 4.8 os8 243 L4.a7 | o 4,
006 109 u;s? 02; SEE u.s? ol g}Z u.s; ogg 53% u.a% 0;2,312 §,
006 400 U.85. | 027 857 4.85 | OML 330 U.85 | 058 827 4,87 | 076 361 U4,
006 691 L4.83 | o2h 1 L.gh | oL 621 4,85 059 119 4.87 076 EZ b,
006 981 L4.85 o2k k39 4,87 okl 912 4,87 059 411 L4.87 076 9 y,
007 272 u.8 o2k 731 4.8 o2 204 4.8 0 03 L.8 077 238 &,
oo; 5 R u.s? 025.332 u.sg Oli2 gy k.s; ogg ;93 u.s; o;; 5%1 b,
oo7 8 4,85 | o25 Z%Z L, 85 o2 787 4.85 060 287 4,87 o77 824 &4,
008 1 2 4,85 025 L, g5 o043 078 4.87 060 579 U4.87 078 116 &,
008 U35 4.85 025 895 4.85 o43 370 U4.85 060 871 4,487 078 409 L,
008 727 4.8 026 186 UL4.8 ol3 661 4,8 061 163 U8 078 702 &4,
009 313 h.sg 026 W77 u.sg gﬁé 952 u.s; 061 A& E h.s; o;s ;9u 4,
o o vz | on S Wi | G i wd | SEIT wE | omAl b
009 &91 u:sg | o027 350 4183 ol 827 U485 | o062 33 u:s; 0;3 E$§ K,
010 181 4.8 027 641 L. 47 o5 118 4.8 062 623 U.8 80 165 U,
010 uge u.sg oa; 93 u.sg oug o u.s; 062 91% h;s; gsg ﬁ5s y,
IR wE R R | Nl b | SRR by n b
o011 35 4,45 | o2e 208 4,85 oﬂg M 4,87 | 063 791 y:s; 081 336 k.
011l 636 4.85 029 097 4.85 o6 576 L. & o064 083 4,8 081 6 Y,
011 927 u;s? 029 388 4,85 ol6 3 7 u.s? o064 Zzg 4.8; osi 9§3 i,
2 | azae b | omin b | onim be ) o &7 e | o ap b
. L] . 3 0 .
1 012 ggo k.85 | 030262 4,85 | oy 7&2 4.8 | 065 ZER u;a; o83 do1 k.
4 013 091 4.8 | o 4,8 o048 033 4,8 06 b.88 | 083 094 U,
u? 01% ?2 u.s? 038 2&3 u.sg okg Z% k.sg 065 3§ 4. a7 os% o96 y,
47 013 gz 4. 85 on k}g 4,85 ous 617 L.a85 066 128 4 &7 083 679 &,
48 013 9 4,83 031 426 4,85 o4g 908 U4 &7 066 420 4,87 083 972 &,
4o o1% 254+ 4.8 [ 031 717 4.87 | ok9 200 4.85 | 066 712 M.87 084 265 U4,
o1k 545 4.8 032 009 4.8 1 4,8 067 ook 4,8 o8l 558 L,
?3 ol 232 u.s? oga 303 u.sg 333 783 u.s% 06; 296 u.sg osL 25 y,
52 015 127 4.85 032 391 4, 85 050 0 L, 85 067 589 4,87 ogs 14 &,
5& 015 118 Uu.85 | o032 832 4.85 | o50 4,87 | o67 81 L.87 | o085 437 U,
5 015 709 4,85 | 033 1713 U4.47 050 658 4.85 | 068 173 4,87 085 730 4,
016 000 4.8 033 465 U4.8 0 4.8 068 465 u4.88 | 086 023 L,
?2 016 291 u.s? .032 7 2 u.s? o?ﬁ gﬁg h.s; 068 752 b &7 086 3% i,
57 016 582 L.85 034 o7 4,85 0, 233 L, 85 069 0 4,87 086 609 L,
58 016 sgz 4,85 o3l 338 4,87 o051 824 Uu4,a7 069 3|2 U4.48 086 902 U,
59 017 164 4,85 | o34 630 4.85 | 052 116 k.87 | 069 835 M.87- | 087 196 &,
60 017 455 o34 921 o052 hos 069 927 087 Lgg

i.
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NATURAL TANGENTS

4 per 4 per

[} ber 4 per 4 per
59 .8e0, [ sec, | - 7% .sec, 8° ' seo, 9°
' | 087 U8 h.88 | ,105 104 4,90 |.122 785 4.92 |.140 51 4,93 .1 &l 4,98
08'7( 78% L. 88 .102 98 4,90 | 123 osg kg2 | 1k ;{ 4,95 1_?5 83 u.37
e Cle w | i2cE wd | AR wB WAL 3| B ud
o L] L] ) L] - L] L]
088 661 L4.88 106 281 U4.90 | 123 966 4,92 | 141 728 4,93 159 577 L4.98
088 k9o | 106 4,90 | 124 261 4.93 | 142 o2k k.95 | 159 &76 L.
osg?a u.%s 106 EES_ L.90 | 124 557 4,92 | 142 321 u.gg 12% ﬁu u%—’,
089 541 L. 88 107 163 4.92 | 124 852 4,92 | 142 618 4.95 160 472 L4.98
089 834 L. 88 107 458 L.90 125 147 L4.93 142 915 4,95 160 771 4,97
090 127 4.90 | 107 752 !+_.9o 125 443 k92 | 143 222 493 161009 4,98
0 42 4,88 | 108 o6 4.90 | 12 b, 143 ROE L, 161 368 b,
330 7& 4 a4 108 u.ga 122%2& ugg 1&3 285 u.gg 161 266 u.gl
091 007 4.88 108 635 4,90 126 229 4,93 144 102 4.95 161 965 U4.97
091 300 ~ 4.90 | 108 929 4.90 126 625 4,92 ek 299 4,95 162. 263 4,98
. 091 594  L.8&8 109 223 - k.92 | 126 920 4,33 | 144 896 4.95. | 162 562 4.37
091 #87 L4.88 | 109 18 L.90 | 127 216 k. 14 4, 162 860 4,98
oga 183 4,90 103 giz 4,92 12; 2 u.?% 1!&5.%33, u.%% 163 159 u.gs
092-1&1& 4,88 | 110 107 4.90 { 127 07 u4.93 | 145 381 k.95 163 458 4,97
092 767 k4.90 110 4ol 4.90 | 128 103 4,93 | 145 &84 4,95 163 756 L.98
093 061 4,88 110 695 u4.92 128 399 4,92 145 181 ‘4,95 1604 055 4.98
093 . 4,88 | 110 990 4.90 | 128 694 &, 146 478 4, 164 b,
og% ZE{; 4,90 11 224 L, 92 128 é‘g_o u3§ 146 7;6 uSE 16k 252 u.SZ
093 ol 4. a4 111 579 L.90 129 286 U4.9% 147 073 U4.95 164 951 4,98
09% 234 4,90 111 s_gg 4,92 129 382 4,92 iuy go 4. 95 165 2 4. a8
094 528 4.8 | 112168 K.92 | 129 877 .93 | 147.667 4.95 16_5523 .08
094821 k4.90 112 463 4,90 | 130 173 4.93 147 964 U977 165 848 4. o8
095 112 L.gg | 112 757 #.92° | 130 469 4,93 | 148 262 u.3§ 166 147 4.98
095 4o k.90 113 022 L,90 130 765 . 4,9% - | 148 4,95 166 W6 4,98
095 702 4.88 | 113 346 L4.92 | 131 061 4.93 | 148 856 4.97 166 71ﬁ 4,38
095 995  4.90 113 61 4,92 | 17 357 4.92 | 140 154 4,95 167 O 4,98
096 289  4.90 | 113936 4.90 | 17 652 k. 149 451 4,9 16 4,98
035 gs% u.gs. 113 _230 u.ga 1;1 9 u3§ 1@' u.9? 16; ug u.gs
096 87 k_g0 114 525 4,92 132 244 4,93 | 150 oU6 L4.95 167 941 k.98
097 170 L4.90 14 820 L4.90 132-540 4,93 150 3 L4,97 168 240 4,98
097 64k 4,88 115 114% 4,92 132 836 4.93 150 641 4.95 | 168 539 14,98
097" L 90 115 49 k.92 133 132 4,93 | 1 38 4, 168 838 4,98
035 SEI u.go 1127 4,92 133 428 u.35 13 236 u.%% 169 1;7 E.go
098 2 5 4,88 | 112 993 h,92 | 133 725 4,93 | 151 533 4.37 169 h'sg .98
098 638 L.90 116 204 k.90 134 o2l 4,93 151 & b, 97 169 736 4,98
098 932 4.90 116 588 UL4.92 ;3l+ n7. 4.93 152 129 4,95 170 035 4,98
226 L4.88 116 883 U4,92 134 613 &4, 152 426 &4, 170 .00
833 519 4.90 117 178 L4.92 134 909 u.3§ 122 724 u.3§ 1'710 2# 2.95
S ib wse | D7 bas | DEar ap | 1BE by | BE ER
100 ¥o1  4.90 | 118 063 4.92 | 135 798 .93 | 183 &7 4.97 1n 5;2 u:ga
100 4,90 118 358 L4.92 | 136 094 L,93 153 915 &, 171 831 5,00
100 5‘295 L &g 118 2 3 4,92 136 390 u.35 12& 921% ug; 1;2 1%1 .98
= oea | HeAS wr | 1Bl b2 | Biae b3 | 2R 2l
101 810 430 | 119 538 W32 | 137 213 435 | 135106 4.3 | 1f3 &30 438
102 164 4.90 | 119 833 4.92 | 137 576 4.93 | 155 kok k.97 1 .00
102 Usg u.go 128 123 L.g2 137 gg u.gs 12% 702 u.g:’l 1?(; 223 .98
hE v | 1B 3| 1248 L | ReE iy | MG %
103 3o 490 | 121 013 492 | 138 761 4.35 | 186 596 4.a7 | 17M se8 gzoo
103 6 4,90 121 308 4.93 139 058 4,93 156 g4 4, 174 828 5,00
J.o3 922 ‘*-30 121. 4,92 | 139 ZS‘* 4,95 137 132 “-g‘.!l 1'715 128 2-98
e b |13 g 1Dk L | g g | iE o2
1 . . . . 3 i »
104 2{0 u.go 122 &59 4,83 | 140 2’ 4,95 | 158 086 u.37 17 327 l%.oo
105 10k 122 785 . 140 si1 158 384 176 327
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NATURAL TANGENTS

MMM~ O~~~ A== 0 ~=mm= DI SN IS GO

100 °peF 10 °per 120 ° per 130 5 per we © per
o' | .176 32 .00 |.194 380 5.0 .212 .0 .230 868 5.12 | .2 28 5.1
o1 1;6 2; g.oo 131& asa 5.0% 22 E?I _g.o; 2%‘1) 175 g.xo 2@ ga 2.1
2 176 927 5.00 | 194 984 5.03 | 213 165 .07 231 481 5.12 249 9 5.1
z 177 227 5.00 195 286 5,03 213 46§ 5,07 231 788 5.10 250 265 6.1
177 521 5.00 | 195 588 5.03 213773 5.07 232 094 5.12 250 5.1
: 2 177 8271 5.00 195 890 5.03 214 077 5.07 232 W0l s.10. | 250 873 5.1
178 127 5.00 | 196 192 §.03 24 381 5.08 | 232 707 65.12 25 183 5.1
7 178 k27 5.00 196 Wk .03 214 686 5.07 233 014 5.12 251 ¥92 5.1
8 178 727 5.02 196 796 5.05 214 990 5.07 233 321 5.10 25) 801 5.1
9 179 028 5.00 | 197 099 5.03 215 204 5,08 233 627 b5.12 252 111 6.1
10 179 328 5.00 | 197 401 5.03 | 215599 5.07 | 23 91'{& 5.12 | 252 koo 5.1
11 179 628 5.00 | 197 703 5.03 212 603 5,08 | 234 241 .12 252 729 5.1
173 928 5.02 | 198 005 5.05 216 208 5.07 | 234 sig 5,12 253 0 5.1
1 180 229 5.00 | 198 308 5.03 216 K12 5,08 | 234 825 h.12 253 zi% 5.l
1 180 529 5.02 198 610 5.03 216 817 5.07 235 162 5.12 253 658 5.1
1 180 829 5,02 | 198 912 5.05 217 121 5,08 235 469 5.12 233 968 .5.1
1 181 130 5.00 199 215 5.03 217 k26 5.08 232 776 5.12 254 277 K.l
17 181 430 502 199 517 5.05 217 731 5.07 236 083 b5.l2 25l 587 5,1
18 181 731 5.00 199 820 5.03 218 035 5.08 236 390 &.12 254 897 5.1
19 182 031 5,02 200 122 5.05 218 3 5.08 236 697 B5.12 255 207 6.1
20 182 332 5.00 200 425 5.03 218 645 5,08 237 004 5,13 255 516 6.1
21 182 632 5,02 200 727 5.05 218 950 .07 | 237 2 5.12 255 826 5.1
22 182 933 5.02 201 030 5,05 219 254 5,08 237 619 6.12 256 136 6.1
2 183 234 5,00 201 333 5.03 219 523 5.08 237 926 5.13 256 5.1
2 183 534 5,02 201 635 5.05 219 8 5,08 238 234 5.12 256 756 5.1
2 183 835 5.02 201 9 5.05 220 169 5.08 238 541 5,12 257 066 5.1
2 184 136 5,02 | 202 21 5,05 | 220 474 5,08 | 238 Bu8 5.13 | 257 377 5.l
27 18k 437 5,00 | 202 584 5.05 | 220 779 5.08 | 239 126 5.13 | 257 687 5.1
28 184 737 5.02 202 847 5.03 221 o8k §.10 239 44 5.12 257 997 5.1
29 185 038 5,02 203 149 5,05 221 390 5,08 239 771 " 5.13 258 307 5.1
30 18 .02 203 452 5.0 221 6 .08 240 o .12 258 618 5.1
;1 15‘;2 21?3 g.oa zo3 725 ?.02 222 o_gg g.os 240 3;2 2.13 222 928 3.1
32 182 941 5.02 o 5.05 | 222 105 5,08 240 694 5,13 2Ry gzg 5.1
33 186 242 5,02 204 381 5.05 222 610 5.10 2l 002 5.13 259 5.1
3L 186 543 5.02 204 664 5,05 222 916 5.08 24 310 5.13 259 859 5,1
3 186 844 5.02 2ol 967 5.07 223 221 5.08 | 241 618 +5.12 260 170 5.1
3 187 1!;2 5.02 205 271 5.05 223 526 5,10 24 925 5.13 260 Ugo 5.1
B | WIS 202 | Boal 200 | Bar 20 | wrad B | R 3l
L] [ ] L] e .1
%9 18% ole g.oz 20b 180 ?.oé 224 II-EB 5. 08 2h2 gue 2.15 261 113 2.17
40 188 349 5,03 206 483 5,07 224 748 s5.10 243 158 5,13 261 723 5.18
I 188 251 5.02 | 206 787 5.05 | 225 054 5,10 | 243 qu 5.13 262 33& 3.18
- 42 188 952 5.02 207 090 5,05 22520 5.08 21&774 5.13 | 262 242 5.18
u 189 253 5.03 207 393 bh.07 225 665 5.10 2t 082 5.13 262 5.18
189 555 5.02 207 697 5.05 225 971 5.10 244 390 5.13 262 967 5.18
b 189 856 5,02 208 000 6,07 226 277 5.10 24k 698 5,15 '263 278 5.18
I 190 157 5.03 208 304 5.05 226 583 5,10 245 007 5.13 263 589 5.18
L7 190 4 5.02 208 607 5.07 226 889 5,08 2u5 Z%E 5.15 263 900 65,18
48 190 780 5,03 208 911 5,05 227 104 5.10 245 .13 211 5,20
ko 191 062 5.02 | 209 2% 5.07 227 500 5.10 245 932 5.15 264 523 §,18
0 191 363 5.0 2 8 5.0 227 806 5.10 246 21 5,1 o264 8 .18
?1 131 63 ?.03 2839%2 ?.o% 223 112 ?.m 246 si9 ?13 265 1hs 5.ao
52 191 96b 5.03 210 126 5.05 228 18 5.10 2l6 525 5.13 265 ua 5.18
5 192 268 5.03 210 429 .5.07 228 724 5,12 2hk7 166 6.15 265 7 5.18
5 192 570 5.02 210 733 5.07- | 229 031 5.10 247 ¥75 5.15 266 079 5,20
5 192 871 5.03 211 037 5.07 229 337 5.10 247 784 5,13 266 391 5,18
5 193 173 5.03 211 31 5.o7 229 B3 5.10 248 092 5.15 702 5.20
57 | 193 475 5.03 211 65 5,07 229 9 5.10 248 401 5.15 267 o1k 5.20
58 19& 777 5.02 211 949 5,07 230 255 5.12 248 710 5,15 267 226 5.18
59 194 078 §5.03 212 253 5.07 2% 5.10 2lig 019 5.15 267 637 5.20
60 194 380 a12 557 230 868 249 328 267 949
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NATURAL_TANGENTS

4 per 4 per A per 4 per 4 per
1g° sec, 160 sec. 17° 8ec, 189 880, 19° seg.
.26 .20 | .286 T4 .2 2305 731 5. 324 920 5, J3H 328 5,42
26; 32?. g.zo 287 363 ?a? 302 039 -.';g 325 211 ?%? 344 653 ? 2
268 573 5.20 287 2;!5, 5.25 306 267 5+ 30 325 263 5. 37 344 978 5,43
268 885 5.20 287 690" .25 306 685 5,30 325 885 5,37 345 Zou 5. 43
269 197 5.20 | 288 005 5,25 | 307 003 5.32 | 326 207 5.35 | 345 630 5.42
269 50 .20 .| 288 320 5.25 307 322 5.30 326 528 5,37 34 b3
269 gzg g.ao 288 635 5.25 307 b0 B.32 26 850 5.37 34 ?zﬁ 2.u3
270 133 5.20 288920 5. 27 307 959 5.30 327 172 5.37 36 607 5.43
270 M5 5.20 | 289 266. 5.25 | 308 27% 5.32 | 327 Wbk 5,38 | 346 933 5.u3
270 757 5.20 , 289 %81 5.25 308 596 5.3 327 817 5.371 347 259 5.43
271 069 5.22 | 289 896 5.25 | 308 914 5,32 | 1328 1% 5.3 W7 585 5.43
271 382 5.20 290 211 5.27 309 233 5.32. | 328 46l 5.37 37 911 5,43
e re | RaElr | BE k| BE | KD
272 319 5.20 | 291 158 B.25 | 310 189 5.32 | 320 k28 5.38 | 38 889 5.45
272 631 5.22 291 U473 .27 310 508 5.32 5.37 U9 216 5,43
272 9%+ 5.20 | 291 789 .27 | 30 82 5.32 | 33 073 B 39 sh2 5,43
273 226 .22 | 292 105 5.25 | 3111 5.32 96 5.37 345 d68 5,45
213 569 H.22 292 420 5.27 | 311 1&62 5,32 330 718 &, 350 192 LR
273 882 b5.20 292 136 5.27 311 78% 5.33 331041 5.3 350 522 5.43
274 194 5,22 293 052 5.27 2 104 5.32 3L 364 5,38 350 848 5.45
214 507 5.22 293 368 65,27 312 k23 5.32 331 687 5. 351 175 5.45
mimorm | mite ru Ml oR | B AR B b
275 it 5.22 | 2094 316 5.27 | 03 31 5.32 | 332 % 23 352 156 5,45
275" .22 4 632 5,2 313 700 5.33 332 979 5.38 352 Ug . 4
2:’(2 g;g g.zz Sgu 944 E.-aZ L o0 ?-.3; Zoa gzg 332 813 5.u§
276 ggs 5.22 | 295 265 5.27 | A4 240 5.32 | 333 625 5. 353 137 5.45
276 698 5.22 | 295 581 H5.27 | B4 659 5.33 | 333949 5.38 | 353 5.45
277 ol1 5.23 | 295 897 5.27 | 314979 5.33 | 334 272 5.38 | 353 791 5.u47
277 %2 . 22 296 213 5.28 315 299 5.33 334 595 5.40 35l 119 5,45
277 32 ?.aa 296 5&0 5.27 | 315 619 5.33 | 334 915 5.38 35'*%2 5.5
2117 921 5.23 | 296 846 5.28 3129 5.32 | 335 242 5.40 | 354 773 5.47
o278 2865 5,22 297 163 5,28 316 258 5.33 335 566 5,40 355 101 5.47
218 578 5.22 | 297 480 5.27 | 316 578 5.35 | 335 830 5.38 | 355 h29 5.45
278 891 5.23 | 297 796 5.28 | 316 899 5.33 | 33 23 5.M0 | 355 756 5.47
279 205 3.23 298 113 5.28 | 317 219 5.35 | 336 231 5. 40 352 0Bl 5,47
mags rm | mah iR | A bh | mn o) R Y
280 146 B.23 | 239 063 5.28 | 318179 5.35 | 337 509 5G.lo | 357 068 b7
280 460 .22 299 380 5.28 318 500 5.33 337 833 s5.40 357 396 5.47
280 773 5.23 299'2; 5.28 318 & 5¢35 338 157 5.40 357 724 B.U7
M ED | B iR | Bid 2R | B ni | @ o
26 T35 2.3 | 300 dis 2.28 | 3 1z 5.35 | 339 1% 5.0 | 358 708 5.
282 09 5.23 300 966 5.28 320 103 5.33 339 Ush s.U42 <] 5.47
282 2&3 3.23 301. 283 b5.28 320 -lrﬂ 5.35 | 3319 7 5.40 359 252 5.48
0| B ah | Mow ek | Bie vk | deid 2 | B 2
Ny | 263 ok6 2.33 | 02 235 230 | 371 388 .33 | 30 752 k2 | 3o I BT
283 600 5.23 | 302 553 5.28 321 707 5.35 ML 077 S5.42 360 679 5.48
55?. 23%911& g.as ;02 270- 5.30 322 028 3.35 bolt2 361 008 g.lus
52 2glhk 229 5,23 303 1848 5.30 3222 535 1 5. 42 361 222 U8
5 284 543 5,23 303 506 5.28 322 670 5.35 W2 0652 b2 361 5. 48
512 284 857 5.25 | 303 823 .30 | 322 991 5.35 | 342 377 5.2 | 361 995 5.ue
285 172 5.2 304 141 5.3 323 312 5.37 342 702 s5.b2 2 324 5,48
22 23? hg7 Ea? 304 459 5.3 33 Z}su 5.35 343 027 542 ;22 53 5.U8
9 mE iR | B GR|Ey ool | Bach| Y e
%9 | 28643 5.23 | 305 M3 5% | 32 598 537 | 3k ooz 5.43 | 363 G Giug
60 286 745 305 731 324 920 344 328 363 970




NATURAL_ TANGENTS

4 per 4 per - 4 per 4 per

GO BINYE FESES

g 3

20° sec 21° sec, 22% _ sec, 23° sec, 24e  seg,
.36 0 5. .383 864 5. .ol 026 5.6 Ju2l 47 .72 | M5 2
B R WM WE LG WG WY
364 629 5.50 384 522 5.57 ol 703 3.65 o 162 5.72 uug 92
364 959 5.08 | 38k 866 5,57 | Hos o42 5.63 | 425 s05 5,73 | 4b 273
365 288 K.50 385 200 5.57 4o5 380 b5.65 425 B4 5,72 46 62
365 618 5.50 385 534 5,57 | Uog 719 5.6 426 192 5.73 | 446 97
36§ LT ?.Eo 385 825 3.57 : hoz 058 2.63 426 516 2.73 Ll .22
366 278 5.50 386 202 6.57 406 397 5.65 | LUo6 880 5.73 L7 671
366 608 5.50 386 536 5.58 | 406 736 5.65 | U2y 22k 5.73 ulg 020
366 938 5.50 386 871 5.57 407 075 5.65 o7 568 5.73 448 369
367 268 5.50 387 205 65.58 bo7 W14 5,65 ko7 912 5.73 hha 719
367 598 5.50 | 387 S40 5,57 | "HO7 753 B.65 | 428 256 5.75 | U9 068
367 928 5,52 387 874 5.58 408 092 5.67 Los 601 5.73 g g
368 259 5.50 | 388 5.58 | u4o& U432 5.65 | U428 9l5 5,73 | u4Ug 768
368 589 5.50 | 388 5.58 | ko8 771 5.67 | 429 289 5.75 | 450117
368 919 5.52 | 388 879 5.58 | 409 111 5.65 | 429 63% 5.75 | L50 467
369. 250 5.52 389 212 5.58 | 409 Lso 5,67 k29 979 5.73 450 817
369 581 5.50 | 389 5‘;2 5.58 | 409 790 5.67 430'223 5.75 | 451 167
369 911 5,52 389 & 5.58 o 130 5.67 430 668 5.75 45 217
370 242 5,52 390 219 5.58 | 410 470 5.67 | U3 013 B.75 451 868
370 573 65.52 390 554 5. o 810 5.67 431 358 5.75 4s2 218
370 904 5.52 390. 889 5.60 | M1 150 5.67 | 431 703 5.75 | 452 568
371 gzg 5.52 391 225 5.58 411 430 5.67 432 oUs 5,75 452 919
n 5.52 391 560 5.60 1 83 &.67 432 393 5,77 453 269
31 897 5.52 | 391 896 5.58 | W2 170. 5.68 | 432 739 5.75 | U453 620
372 228 5.52 392 231 5.60 h12 511 5,67 |. U433 084 5,77 453 971
372 559 5.22 | 392567 B.60 | 1> A5l .68 | 433 b3o ov | uBk 352
372 890 5.53 392 903 5.60 U13 192 5,67 .1 433 775 5.77 L5y 73
373 222 5.52 | 393 232 5.58 | 413 532 5.68 | 434 121 5,77 | 455 02
373 553 5.53 | 393 57’:t 5.60 413 873 5.68 434 467 5.75 455 375
373 885 5.52 | 393 910 5.62 | Wk 24 5,67 | W3k g2 5.77 hes 726
374 216 5.53 | 394 247 5.60 | Mk s5h 5,68 | u35 158 5,77 | 456 078
374 g8 5.53 94 583 5,60 u14-892 5. 68 435 504 5,77 456 4
374 880 5.52 394 019 5,60 5 236 5,68 b3p & 5.78 g6 781

50
515211 5.53 | 395 255 5.62 | M5 577 5.70 | 436197 5.97 | 457 132

375 543 5.53 3% 992 5.60 k15 919 5.68 436 543 5,77 | ‘457 ush
375 875 5.53 392 928 5,62 u12 260 5,68 436 229 2.78 ug; 836
376 207 5.53 396 265 5.60 416 601 §.70 k37 236 5.77 u5g 188
376 539 5.55 396 601 ©5.62 416 943 5,68 437 582 5,78 458 5o
376 872 5.53 | 396 938 5.62 | 417 284 5,70 | U437 929 5.78 | ub8 dg2
377 204 5, 275 5.60 | 417 626 5.68 | 438 276 5.77 | us9 24k
37 5% 222 | RIED Zes | uloey o0 | u3s bre 27k | 42 s
377 869 5.53 | 397 948 5.62 | 418 309 5.70 | 438 969 5.78 429 9
378 201 5.55 | 398 285 5.62 | 418 651 5.70 | 439 216 5.78 | 460 301
378 534 5.53 | 398 622 5.63 | 418 993 5.70 | 439 663 5.80 | U460 b5k

378 866 555 398 960 5,62 g 235 5. 70 Lo o11 '5.78

379 199 5.55 399 291 5.62 119 677 58 :
Pl | Bl ih ime in | e kW

380 197 6.55 0 309 5.62 | 420 70k 2270 i1 53 EZZO 462 418

380 520_ 5.55 4oo 646 5,63 Loy o6 s5.72 Ly 748 5,78 Lé2 11
381 fes 5.57 | 401 322 5.63 | 42 731 B.72 | wue 32% 2'23 32; i?g
31 230 .55 | 4o1 660 5.62 | 4es o7k B.72 b2 yo1 5.80 | U463 &3

382 196 5.57 ho2 335 5.63 22 759 5,72 i3 4g7 5,80 Lol 538
82 . ko2 .6 423 202 6.72 Lyz g . 80 Loy

%g% gg% 5.55 o3 73 5.63 Y 3 e 5.7 uuz 35 5.8 892
383 530 2:?? ko3 228 5.63 | u2b 132 5.72 | Uk 830 5.83 | u65 9sk.

383 464 4ok 026 Lol 475 4y 229 466 308
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NATURAL TANGENTS

8 per — 8 per 8 per 3 per T per
250 sec, 269 sec, 270 Bec, PR sec, 29° sec.
.b66 308 5.92 |.b87 733 6.00 |.509 526 6.12 | .53 709 6.23 |.554 309 6.33
Le6 662 5.90 | 488 093 6.00 509 892 6.10 532 083 6,22 54 689 6.35
467 016 5K.92 488 453 6,00 510 258 6,12 532 W 6,22 555 070 6.733
467 371 5.90 4ag 81& 6.02 510 625 6.12 532 829 6.23 55 U450 6.35
L67 725 5.92 | 489 178 6.00 510 992 6.12 533 203 6.23 555 831 6.35
468 080 5.90 489 534 6.02 511 359 6.12 533 577 6.22 556 212 6.35
Leg 43k 2.92 ug9 8%2 6.02 511 722 6.12 533 950 6.23 566 593 6.35
L6g 789 5,92 490 256 6.02 512 093 6.12 53 324 6,23 556 974 6.35
469 144 5,92 | 490 617 6.02 | 512 460 6.13 534 698 6,23 557 352 6.35
465 499 5.92 | 490 978 6.02 | 12 828 6.12 | 535 072 6.23 | 557 736 6,37
469 & .92 | 401 6.02 | 513 195 6.1 535 446 6.2 118 6.3
u7c9> 2051?: gga u31 ;gg 6.02 213 52; 6.13' ?35 821 6. 2% 2553 4gg 6.3'5(
470 w64k 5,93 | 492 061 6.02 51&'930 6.13 536 195 6,25 hh8 881 6.37
470 920 5,92 492 422 6,03 514 208 6,13 536 570 6.25 559 263 6.3
71 275 5.93 | bo2'78k 6.02 | 514 666 6.13 | 536 dlis 6,23 | 559 645 6.37
471 631 5.92 145 6.0 15 034 6.1 19 6.2 60 027 6.
4;1 936 333 33; 50? 6.0.% 212 432 6-13 g;?, Zgﬁ 6-23 360 l&o; 6.;;
L72 32 5,93 ugi 869 6.03 515 770 6.13 538 069 6.27 560 791 6.38
72 698 5.93 Lol 231 6,03 516 138 6.15 538 Li5 6,25 561 174 6.37
473 o5k 5.93 | 434 593 6.03 | 516 507 6.13 | 536 820 6.25 | 561 556 6.38
473 410 5.93 | U9k 955 €.03 | 516 875 6.15 | 539 195 6.27 | 561 939 6.38
u7z 766 5.93 Lop 217 6.03 b17 2 6.15 539 571 6.25 562 322 6.38
U7h 122 5.93 usz 19 6.05 | 517 613 6.15 | 539 946 6,27 | 562 705 6.38
474 478 5.95 495 ok 6.03 517 982 6.15 22 6.27 563 088 6.38
474 835 5,93 436 Lok 6,05 518 351 6.15 S0 298 6.27 563 471 6,38
- 475 191 5.95 kg6 767 6.05 518 720 6.15 541 o74 6.27 | 563 854 6.40
475 slg 5,95 497130 6.03 519 089 6.15 5 450 6.27 563 238 G.Eg
MRt R IR
2 . A [ ] . e & [
lr7(6 619 ?3? %g 2?3 6.0'5( glao 197 6.1‘? 542 579 6,28 ?s? 353 6.40
476 976 5.95 Log 582 6,05 520 567 6.17 542 956 6.27 565 773 6.4o
k77 333 5.95 | 498 945 6,05 520 937 6.17 53 332 6.28 562 3537 6.4o0
477 Zzo 5.95 g9 ZOS 6.07 521 207 6.17 51? 709 6.28 566 sH1  6.Y0
uL78 oh7 5.97 499 672 6.05 621 677 6.17 5il 086 6.28 566 925 6.42
478 Uo5 5.95 500 035 6,07 622 o7 6.17 Gul 463 6,28 567 710 6.U42
478 762 %, 0 6,0 22 417 6.1 L 84 6.30 67 694 6.b2
u-719 Iao ?3;- . ?30 ;%93 6.0; 522 78:,( 6.13 ) 2'¢5 218 6.28 262 09 6.42
479 477 5.97 | 501 127 6.07 523 158 6,17 5u5 595 6,30 568 L 642
479 835 5,97 501 491 6.07 523 528 6.18 g:tz 973 6.28 568 & 6.42
480 193 5.97 501 855 6.07 523 899 6.18 350 6.30 569 2 6,42
Lao . 02 219 6.0 24 270 6.18 6 728 6. 618 6.h42
480 909 ?.SE goa 55.93 6.07 gau 617t1 6.18 37 Ios 6.-%% ??3 ool 6,U43
Lel 268 5.97 502 948 6,07 525 012 6.18 547 484k 6,30 570 390 6.43
44y 626 5.97 503 212 6.08 525 383 6,18 547 862 6,30 570 776 6.42
481 984k 5,98 503 677 6.07 525 754 6.18 B48 240 6.32 571 161 6,43
482 343 5:.97 b4 o4y 6.08 26 125 6.20 619 6.30 1 6.4
Lao %o; ?.33 5°u 4o6 6.08 E ua? 6.18 ?l:g 99% 6.%2 ?%1 3';‘% 6.1;;
&3 060 5.98 504 771 6,08 526 868 6,20 H49 376 6.32 72 319 6.43
haz L9 5.92 505 136 6.10 2 6.20 5"9'752 6.32 672 705 6.45
483 778 5.9 fob 502 6,08 627 612 6.20 650 134 6,32 573 092 6,45
hal 1 .98 867 6,08 84 6.20 6.32 478 6,4
hal 3£ ?.35 332 asg 6.10 %SE % 6 6.20 ?% ?9'2 6.%2 2?,’ 865 6.ug
Laly &5 2.98 506 5%5 6.08 528 728 6.20 551 271 6.32 6574 252 6,45
4gs 21 <00 506 963 6,10 529 100 6.22 551 650 6.33 574 622 6.45
485 574 5,98 507 329 6.10 529 473 6,20 £52 030 6.32. | 575 @ 6,45
Lg 6,00 6 6.10 | 529 845 6.22 2 hog 6, 3 6.4
usz 393.33 6.00 281 oZ? 6.10 } 233 212 6.22 ??a 789 6.%% 2;5 sog 6.1;2
486 653 6.00 508 427 6.10 | 5% 591 6.20 553 169 6.33 576 187 6.47
Lg7 013 6.00 508 793 6.10 530. § 6.22 | 553 549 6.33 576 525 6.45
487 373 6.00 509 159 6.10 531 336 6.22 553 929 6.33 576 962 6.47
ug7 733 509 525 53 709 554 309 577 350 .




NATURAL TANGENTS

8 pe . 4 per 4 per 4 per a pex;
300 sec. 0 sec, 320 sec. 33° 880, 349 sec,
. 0 6.4 .600 861 6.60 |.624 869 6. 649 Lkog 6.88 .67k «0
;; %gs 6.u; 601 257 6.60 628 27 -6;;3 633 821 6.90 s;u 3%2 ;. 2
H78 126 6.u47 601 623 6.60 | 625 679 6.75 | 650 235 6.90 675 355 1.0
578 514 6,48 | 602 049 6,60 | 625 083 6.75 | 650 649 6.90 672 779 1.07
578 903 6,47 | 602 W45 6.62 | 626 488 6,77 | 651 063 6.90 676 203 7.07
291 6,48 | 602 842 6,62 626 ‘894 6, 651 L 6.92 676 6 .07
5;3 620 6.47 603 239 6.60 | 627 233 6.;2 621 sSZ "6.90 6;7 osl ;.07
gso 068 6,48 | 603 635 6.62 | 627 7ok 6,77 | 652 306 6.92 | 677 475 7.08
580 4 6,48 604 032 6.62 628 110 6.77 | 652 7121 6.92 677 900 7.07
580 & 6.L8 60l 429 6,63 | 628 516 6.75 | 653 136 6.92 674 324 7.0
81 235 6. 6ok 827 6.62 | 628 921 6, 653 551 6.92 | 678 .08
281 635 6.33 605 aSZ 6,63 629 321. 6.;3 62 3 6 6.93 6;9 17 ;.oa
582 014 6,48 | 60h 622 6.62 | 629 734 6.77 | 654 382 6.92 679 599 7.10
582 4ho3 6,50 | 606 019 6,63 | 630 1 6.77 | 654 797 6.93 680 025 7.08
582 793 6.50 606 W17 6.63 630 546 6,78 | 655 213 6.93 680 450 7,10
583 183 6,50 | 606 815 6.63 | 630 953 6,78 | 655 629 6.93 | 680 876 7.10
583 513 6,50 | 607 23 6.63 | 631 320 6.78 652 045 6,93 681 302 7.10
B 05 Wb is (BN B | 80
' . (308 2 . ] 2 1 .10
5521.1 ??3 6.%% 608 4o8 6;6% .632 581 6.:,[8 657 231 533 682 580 ;.12
134 6. 608 807 6.63 632 988 6.80 657 710 6.9 683 007 7.10
?5? 524 6.?% 609 205 6.65 | 633 396 6,80 sgs éﬁl 6;9% 68%'4 ; ;.12
582 915 6.52 609 60L - 6,65 633 804+ 6.78 658 6.95 683 860 7.12
586 306 6.52 | 610 003 6.67 634 211 6.80 658 961 6.97 6al 287 7.12
586 697 6.52 | 610 403 6.65 | 634 619 6.80 | 659 379 6.95 68t 4 7.13
088 6.52 610 802 6.6 635 027 6.82 | 6 6 6. 685 142 7.12
22% 479 6;22 611 201 6.6; 632 ugl 6.80 62% Zgu 6.3; 682 569 ;.13
587 870 6.53 | 611 601 6.67 632 84l 6,82 | 660 631 6,97 68 -297 7.13
h88 262 6.52 | 612 001 6.67 63 223 6.80 661 029 6.97 685 425 7,13
588 653 6.53 | 612 Bo1 6,67 636 661. 6,82 661 467 6.98 686 853 7.13
589 o5 6.53 | 612 801 6.67 | 637 070 6.82 | 661 886 6.97 687 281 7.13
589 437 6,53 613 201 6,67 637 4719 6.82 662 304 6.98 687 709 7.15
250 351 6.23 | 616 002 6.6 | 63k 298 6.4 | 663 b 6.9 | ea8 si 413
23_0 613 6.55 | 614 loz 6.68 | 638 707 6.83 | 663 560 6.98 | 688 995 733
1 006 6. 614 803 6.68 639 117 6.8 66 6,98 689 4o ol
231 398 6.23 615 208 6.68 6%3 52% 6.8; 6 p1e Z.go 633 8 ;.12
£91 791 6.55 615 605 6,68 232'%27 6.83 664 818 6.98 0 283 7.17
592 184k 6.55 615 006 6.70 7 6.83 665 237 7.00 690 713 7.17
892 577 6.55 | 616 408 6,68 | 64 757 6.83 | 665 657 7.00 691 143 7.15
2 970 6. 616. 8 6.70 61 167 6.8 666 .00 691 .18
23 %3 6.2 | 617 ;1 670 | k1 0k a2 | 666 w3y T-oo | €3 855 Il
ol @ |Gl ER | oB | Men I | 2Ean o
'ggu 52u 6.55 | 618 M7 6.70 | 642 810 6.87 | 667 7_55 7.02 | 653 292 :(’_:18
" ; 618 819 6.70 | 643 222 6.8 668 179 7.00 693 725 7.18
335 %;I 2:23 619 221 _6.;2 6:3 633 6.82 668 5;3 7.02 223 152 ,;,15
592 725 6.58 619 624 6,70 64l o 6.87 669 020 7.03 69l 587 " 7.18
596 120 6.57 620 026 6,72 | 6k 456 6.87 669 M2 7.02 695 018 7.20
596 514 6.57 620 429 6,72 6ll 858 6.87 669 863 7.02 695 450 7.18
596 908 6.58 | 620 832 6.72 | 645 280 6.8 670 284 7.0 881 7.20
337 903 6.22 621 235 6.;2 645 692 6.5; 6;0 706 ;.o; 232 33 ;.20
2ic o | mak ph | MENE M (SIS 0% | B0y 1
[ 2 . . by . °
\235 u%Z 6. 622 W45 6,73 | 646 3%9 6.88 | 67 3;2 7.03 697 -610 ;.20
& 883 6. 622 6. 647 342 6.88 | 672 9% 7.0 g oh2 7.22
5539 275 6.23 623?9 6'7{§ 6#'71 '?25 6.88 6;2 g?q ;.og 698 475 '7(,.22
DR R | m rn Bt e | nsg oo | gtad vz
[] 2 L] L] LB 02
600 465 6.60 | 624 465 6.73 | 648 deh 6.90 673 085 7.0? 693 T ;.23
600 861 62l 869 649 Y408 674 509 700 208
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NATURAL TANGENT S

4 per 4 per 4 per 4 per 4 per
359 8¢0, 369 gec, 37° __ sec, 340 geo, 39° __ _sec,
. 4o |. I 7. .781 286 7.80 .8 a4 8,0
';88 Eﬁg :S% ;gg gg ;.he %2& 610 ;,23 ;81 75% ;.82 sgg £66 8.0
701 075 7.23 727 b32 7.42 754 467 7.60 782 223 7.82 810 748 8.0%
701 509 7.23 727 877 7.42 154 923 7.62 782 692 7.82 811 230 8.03
701 943 7,23 128 322 1.42 755 380 7.62 783 161 17.83 811 712 8.05
0 .2 o8 767 7.4 8 .62 83 671 7.82 812 195 8.0
12317 1.2 | 1B T3 | Tl 1.0 | Tadads L& | ea 622 8.0
703 246 7.25 | 729 658 7.43 756 751 7.63 | 784 570 7.8% 813 161 8.05
703 681 7.25 730 104 7.43 757 209 17.63 785 oo  7.83 813 644 38,07
7004 116 7.25 730 550 7.43 757 667 1.63 785 510 7.85 814 128 8,07
704 551 7.27 730 996 7.45 | 758 125 7.63 785 981 7.83 814 612 8.07
704 387 7.25 131 43 7,43 158 583 7,63 782 1 7.85 815 096 8&.07
;mim i M LR |12 1B | | MR By
708 234 7.27 | 732 783 1.45 | 759 859 7.65 | 787 865 7.85 | €16 543 8,08
06 730 7.27 3 230 7.U47 60 118 7.6 88 336 7.8 817 o34 8,08
:1107 126 ;.28 ?133 6%6 '7(.1+5 '7(60 87 7.62 '7168 gos '7(.8'71 81; ;9 €.10
707 603 7.27 734 125 7.47 761 336 7.67 789 280 7.87 818 005 8.10
708 032 7.28 3% 573 .47 761 796 17.67 789 752 7.88 818 491 8.08
708 476 7.28 735 021 7T.M47 762 256 7.67 790 225 7.87 818 976 8.10
708 913 7.28 | 735 469 7.47 | 762 716 7,67 | 790 697 7.88 819 462 8,12
709 350 7.30 732 912 1.18 763 176 7.67 791 170 7.88 819 349 8.10
mele N | Bedn | ldoh e | En | ok
710 66? 730 | 737 26% 7.48 | 764 558 7.68 | 732 w30 7.90 821 hog 8.13
11 101 7. 1 U8 65 o1 .68 o064 7.90 821 8 8,12
Tt 1% | BEIE Jue | T2 %8 Lnes | 133%6 780 | &= 4 &%
REUL L% | ol 1| Jels o | milE IR | B Y
712 854 7.32 | 739 511 7.50 | 766 865 7.70 | 794 961 7.92 823 2 8:1%
713 293 7.32 7&9 61 7.50 767 327 7.70 795 436 7.92 824 336 8.15
713 732 7.32 780 11 7.52 767 789 7.72 795 911 7.92 824k 825 8,15
714 171 7.33 740 862 7.50 768 252 17.70 796 386 7.93 825 b4 8,15
714 611 7.32 741 312 7.52 768 714 7.72 796 862 7.92 822 803 8.15
715 050 7.%3 | 741 763 7.52 | 769 177 7.72 | 797 337 7.93 826 292 8.17
715 490 7.33 ho 214 ‘7,53 769 640 7.73 797 813 7.9 826 782 8&,1
715 930 T7.33 L2 666 7T.52 770 104 7,72 798 8 7.9? 827 Z 2 8.1;
716 370 7.33 743 117 7.53 770 567 7.73 798 766 7.93 827 702 8.17
716 810 7.33 7ﬁa ! 7.62 | 771 031 7.73 | 799 242 17.95 828 252 &.18
717 250 7.35 744 020 7.53 M s 7.73 799 719 7.95 828 743 8,18
717 691 7.35 | Thb Wg2 7.55 771 959 7.73 800 196 7.97 829 234 8,18
718 132 7,35 | 744 925 7.53 | 772 K23 7.75 | 800 67H 7.95 829 725 8.18
fogle 13 | 1Bl [ | 169 1 | Ram L | SR 28
719 bss  7.37 7#2 282 7.55 | 173 818 7.75 | #02 107 7.97 831 199 8,20
719 897 7.37 | 46 735 7.57 | T7% 283 7.75 | 802 585 7.97 831 691 &.20
720 339 7.37 747 189 7.55 7 748 7.77 803 063 7.98 832 ggz 8,22
mIS L MR L\ TRgs LN fam ra | i se
721 665 7.38 | 748 923 | B ave LY | sov 500 Y38 | &35 e &aa
722 108 7.37 | 749 003 7.58 | 776 612 7.77 | 804 979 7.98 83l 155 8,22
722 550 7.38 749 Us8 7,57 117 gls 7.78 805 258 8,00 834 622 -8,23
Cp s RS RURRE R B L R
123879 7o | 120 821 7.8 | 178 b75 J.i8 | €06 898 .02 | 838 130 823
724 323 7.38 751 2716 7. 778 946 7.80 807 379 8,00 836 624 8,2
24 762 7.30 751 131 7.2% 79 bk 7.78 807 859 8,02 3%7 11 5.22
25 210 7.ko 752 187 7. 779 881 7.80 208 3 8.02 837 614 8.25
722 65k 7.40 752 642 7,60 780 H9 7.80 808 821 8,03 838 109 8,25
726 098 7.42 753 098 7.60 780 817 7.82 | 809 303 8.02 a3 6ok 8,27
726 543 753 554 781 286 809 784 839 100




NATURAL TANGENTS

4 per 4 per

4 per - 4 per A per
hoo  sec, 410 sec, 4o geo, | - U43°  gac, blye _ geq.
.839 100 §&,2 .869 287 8,52 |.900 4ok 8,78 1.932 515 9,07 .965 689 9,37
: 833 595 8.2 869 798 &.52 | .900 FE 8.78 1 933 059 9.07 962 251 9,38
ooy |dom w | ml fn e o | e
8 . L] [ - [ - d L] [ ]
8 334 s.ag 871 332 8.52 | 902 513 8,80 | 934 693 9.08 967 9 9.Eo
gl 581 8,28 | 871 843 &, 903 o4l &.80 | 935 238 9,08 968 5ok 9,
. 82 878 8.28 872 ;22 s.?? 903 569 8.82 932 783 9.10 969 067 9.32
613013 8.0 | 815 3% 8.23 | 904 7 ma5 | 936 61 919 | ovd e ke
843 571 8.3 | &73 &9k &.55 | o5 15£ 4.82 | 937 422 3.10 | 970 761 9.42
8uk 069 8.30 | &74 407 8,55 | 905 685 8.83 | 937 968 9,12 971 326 .9.43
&l 522 8,32 | 874 920 8,57 | 908 215 8.83 | 938 515 9.12 971 892 9.43
sac 233 | af2atd 3 | ke BE | B il | ok b
BN 063 8.32 | 18 he2 &.37 | doy 02 8.85. __938 156 9.13 | 375590 .45
a6 562 8.33 | &76 976 8,58 | 908 336 8&.85 | 940 706 9.15 974 157 9.45
87 262 5.33 - 877 W51 8,58 908 827 8.85 | 91 255 9,13 97u_7az 9.45
Bl M in B ME L bl
0 L[] [ ) ] [ ] .
84s 562 8,33 | &79 037 8&.60 | 910 462 8.87 | k2 902 9,15 . 972 427 9.u8
89 062 8, 879 8,60 | 910 994 &,8 43 451 9,1 6996 9.4
s"kz 5‘63 s.;g sgg 223 - 8,60 211 %926 s:s; 2&2 021 2211 2.;7 g%u gu;l
850 064 8,35 880 585 8,62 912 059 8.88 gk 552 9,17 978 133 9.2(‘?
850 565 &,.37 88} 102 8.62 | 912 592 8.88 | 9us5 162 9.18 978 703 9.
851 067 8.35 | 881 619 8.62 | 913125 8.90 | 945 653 9.18 979 2712 9.%0
851 568 &.37 | 882136 #.62 | 913 659 #.90 | 946 204 9.20 979 42 9,52
_ sgé o070 8,38 | 882 653 8.63 | 914 193 8.90 | 946 756 9.18 980.413 9,50
855 072 Eib | 6 ak .63 | oin el aoe | TS 32 | 39y o
g§§ 5;2 s:;s g8k 207 .65 312 796 8.32 | gus uiz2 J.22 | 982 126 §.32
gk ofL 8.38 | 884 725 &.65 | 916 331 &.92 | 948 965 9.22 | 9m2 697 9.53
85 4 s.ég 885-; 8.62 916 826 8.93 | 949 512 9,22 983 269 9.25
822 0ol o | asd 182 .63 | 91k ovs a9y | 9 O .32 | e 33
832 335 gio | 886 s02 8.67 | 918 4oh 8.95 | 95178 9.25 | Ooelk oa7 .88
8 é.42 | 887 322 8.6 19 010 8. 951 733 9.2 985, )
sg? ?83 8,40 ¢ 55; guz 5.6; 313 541 a.gg 9?% 287. 9.2% 982 i3y 3.?%
825 13 A.45 | ses s ech | sm vm £07 | 92 %: 33 | L e 23
° 11 . [ 3 L] . a
a8 415 .42 | 83 bo3 a.ca | om 155 897 | 923 00 oL | o8) &= 338
124 a&.4 88 4 8.70 21 8,97 | -954 508 9,27 88 432 9,58
353 S50 843 | 890 W6 5.68 | 358 o35 .31 | 935 06h 9.5 | 269 oo5 oo
BlEE D RE IR Bl pomen | me e
uE 861 148 8.45 | 892 012 8.70 923 851 8.98 956 731 9.30 [ 990 735 3.60
m 861 655 8.45 | #92 534 8,72 24 390 9.00 | 957 22 9.28 991 311 9,62
u? 862 122 s.ug 893 057 8.72 | 92% 930 9,00 9?7 539 9.3 991 848 9,62
M | 865177 & | &8 oy 893 | 922 ol oi0o | Smedt 332 | B2ks S.e3
49 | 863 6a% &by | &34 627 8.3 | 3¢ 9st a.08 %9 52k 9.32 | 993 621 . 9,63
864 193 8,47 | 8951 8,73 | 927 091 9.02 | 960 083 .32 994 199  9.65
55?. 864 701 8.47 892 675 8.73 927 53E 9.03 960 642 9,33 99k 778 - 9,65
ity itniviy
2% | B2 e se | 837 Mg 8.75 | 920 257 9.05 | 362 322 9.33 1996 515 3.6
866 736 8.50 | 897 774 &.75 | 929 @00 9.03 | 962 as2 9.35 997 095 * 9.68
gz 867 35 8.50 898-299 8.77 930 342 9.05 963"'"' 9.35 997 676 9.67
AR R AL BRI R A R T R
59 | 868 776 8.52 | 99 877 &.78 | 9% 971 3.07 | 965 127 8.37 | 939 4is B:70
60 | 869 287 900 Yok - -] 932 ;5 965 689 1.000 000




